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The sawing recovery rates of chainsaws and mini-bandsaws used on Leyte Island, the 
Philippines to produce sawn timber from smallholder tree farms are compared through 
sawing trials. The sawing recovery rate for a mini-bandsaw is 52% while that for chainsaws 
is 39%. The sawing trials found that log sizes and the cross-section areas of boards showed 
a weak linear relationship to the sawing recovery rate for sample logs sawn. Significant 
differences in sawing recovery rates between the saw operators involved in the sawing trials 
were also detected. This paper mainly reports the results for comparing the sawmilling 
recovery for chainsaws and mini-bandsaws, while the financial as well as policy implications 
of the differences in sawing recovery rate between these two saw types are discussed in a 
separate paper in these Proceedings.  
 
 
INTRODUCTION 
 
Processing timber on farms has been seen as the best option for adding value to trees 
(Stewart 1999). The small holding size, low timber quality, and distance to roads of many 
tree farms are some of the marketing difficulties faced by most tree growers. Stewart and 
Hanson (1998) found that on-site processing of farm-grown timber is a means to overcome 
these marketing difficulties. They further concluded that portable sawmills have the greatest 
potential for on-site timber processing because of higher returns for sawn timber and 
relatively low cost associated with operating a portable sawmill. There are three alternative 
saw types employed in most portable sawmills – circular saw, bandsaw and chainsaw 
(Smorfitt et al. 2001; Pasiecznik 2006). Portable sawmilling can include the production of 
green, air-dry and kiln-dry sawn timber using milling equipment which is taken to the forest 
or plantation site, operated there, and then dismantled to move to another site (RIRDC 
1998). Typically, a portable sawmill is an assembly of sawing equipment attached to frames 
and other structures and for which setup time is not more than one day (Waugh 1996, cited 
in Stewart and Hanson 1998). Because setting up bandsaws can be a time-consuming task, 
these are frequently placed at fixed locations, with timber transported to them, sometimes 
from several kilometres away (Smorfitt et al. 2001). 
 
It is notable that ‘free-hand chainsawing’ in sawn timber production is not included in most 
portable sawmilling and on-site timber processing literature, despite the fact that the 
chainsaw is the simplest and most ‘portable’ form of a portable sawmill. In addition, 
considerable literature has shown that chainsaws are playing an important role in providing 
local timber supply and employment to rural communities in many tropical countries (Wyatt 
1996; Grisly 1998; Smorfitt et al. 2001; Pasiecznik 2006 and Pinnard et al. 2007).  
 
On Leyte Island, as in other Philippine locations, domestic demand for wood is increasing 
and timber grown by smallholder farmers has a great potential to supply in this demand 
because of the dwindling natural forest resource plus the logging-ban on natural forest. 
Chainsaws and bandsaws are employed in sawn timber production on the island. The milling 
recovery rate of chainsaws and bandsaws in producing sawn timber from smallholder tree 
farms is, however, poorly understood. A sawing trial has been conducted to improve 
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understanding of the milling efficiency of the two timber sawing systems which is critical in 
the trans-shipment model for marketing timber from smallholder tree farms being developed 
by the first author as part of his postgraduate degree at The University of Queensland. The 
trans-shipment model considers chainsaw-milling as an option for on-farm sawn timber 
production and bandsawing as an option for sawn timber processing at sawmills. 
 
This paper reports the recovery rate of chainsaws and mini-bandsaws from a series of 
sawing trials. The financial evaluation of the two sawing systems and subsequent policy 
implications are reported in a separate paper in these Proceedings. This report is structured 
as follows: the next section briefly describes how the sawing trial was organized; then, tree 
and log data collection is described. Next, the recovery rate of chainsaw and bandsaw is 
compared followed by a discussion of sawing trial results and their implication for maximizing 
returns from smallholder timber production. Finally, a few brief concluding comments and 
some recommendations for future research are provided  
 
ORGANIZING THE SAWING TRIALS 
 
The sawing trials were conducted in the municipalities of Bato and Matalom on Leyte Island, 
the Philippines. The sawing trial co-operators included two mini-bandsaw owner-operators, 
two chainsaw operators, two tree farmers, and carabao skidders. The sawing trial in Bato 
was conducted in co-operation with the bandsaw owner-operator who acts as a middleman 
for customers from the local area engaged in constructing, repairing or renovating residential 
houses. He has his own tree farm for sourcing some of the timber he requires but also 
purchases trees from other farmers in the barangay. During the conducting of the sawing 
trial, he had customer orders to fill, for which he purchased trees from a neighbouring tree 
farm. The trees were growing about 0.5 km away from his bandsaw and he produced the 
ordered sawn timber by chainsaw to minimize transport cost. He allowed the researcher to 
gather data relevant for the estimation of sawing recovery rates for bandsawing and 
chainsawing provided this did not delay his sawn timber production, and the researcher met 
half the cost of hauling logs to his mini-bandsaw mill and also half of the cost of labour for 
bandsawing. The bandsaw owner-operator arranged the felling and sawing of logs with a 
chainsaw operator as well as carabao skidders for logs and sawn timber hauling. The 
sawing trial in Bato was conducted in September 2008. 
 
The sawing trial co-operator in Matalom is a furniture producer and sawn timber retailer. He 
has been operating his enterprise in the municipality for the last six years. In February 2009, 
the trial co-operator had some logs in his mini-bandsaw mill ready for sawing for use in 
furniture production. He allowed the researcher to gather data relevant for the estimation of 
sawing recovery rate for bandsawing. However, for the recovery rate for chainsawing, he 
offered his chainsaw and his chainsaw operator in the sawing trial provided the researcher 
paid for the trees to be used for the sawing trial. The sawing trial co-operator paid for fuel 
and labour for the chainsaw operator, and in exchange he received the sawn timber 
produced in the sawing trial.  
 
DESCRIPTION OF SAWING EQUIPMENT, SAWING TECHNIQUE AND SAW 
OPERATORS (SAWERS) 
 
Chainsaws and mini-bandsaws were used in the sawing trial. The chainsaws used in the trial 
had a guide bar length of 63 cm, was petrol (gasoline) powered, and weighed about 15 kg 
including the guide bar and chain. The chain used was a ripping chain which had almost half 
the length of the original cutting teeth removed due to long period of use, leaving a kerf 
(blade cutting width) of approximately 10 mm. 
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The bandsaws used in the trial were locally assembled (Figure 1 and Figure 2). The length 
of the blade of the bandsaw in the Bato trial was 16 feet and for the Matalom trial it was 21 
feet. A 3 horsepower (hp) bandsaw was used in Bato and a 15 hp bandsaw was used in 
Matalom, and both were powered by electricity. The bandsaw footing and posts were made 
of 4 x 4 inch timber. The blade runs over on two wheels of about of 36 inches in diameter 
made of 2 sheets of ¾ inch plywood glued together. One of the wheels of the bandsaw used 
in the Matalon trial is exposed while the other wheel is covered as shown in Figure 2. The 
structure for the bandsaw in Bato is similar to that in Matalom. The lower wheel is connected 
to an axle which is connected by a rubber belt to the motor. It also has a sawing platform 
(bench) where the logs are laid for cutting. The kerf of both bandsaws was 6 mm.  
 
 
 
Figure 1. The bandsaw used in the 
Bato sawing trial 
 
 
Figure 2. The bandsaw used in the 
Matalom sawing trial. 
Inside this box 
is the wheel to 
which the band 
saw is attached
Wheel
  
The sawing trial employed ‘live’ or ‘plain’ sawing of logs to maximize recovery. This 
technique involves cutting boards from generally unsplit logs as opposed to quarter sawing 
when the logs are first quartered before cutting boards from them. Before cutting the desired 
boards, the log is positioned and secured for sawing by cutting a slab (cut 1, Figure 3). Then, 
the log is turned to its side and the boards are cut one after another (see the numbers in 
Figure 3 representing the cutting sequence). The thickness of the board was constant at 2 
inches (about 5 cm) except for small logs for which slicing to 2 inches is not possible. Slabs 
from which a 1 inch thick board can be made are again cut to a usable dimension. Smith 
(undated) noted that live sawing is the simplest, fastest and most efficient way to cut logs 
into boards. 
 
Equipment operators or sawers were interviewed to obtain information about their sawing 
experiences. It was found that none of the sawers had undertaken any formal training in 
operating and maintenance of sawing equipment; rather, they gained their skills through 
work experience in sawn timber production. The chainsawers in the Bato and Matalom 
chainsawing trials both had about 20 years experience in sawing timber using a chainsaw, 
and contract chainsawing was their main source of income. The bandsawer involved in the 
Bato sawing trial had three years experience as a bandsawer in a mini-bandsaw mill. The 
bandsawer in the Matalom sawing trial had one year’s experience in bandsawing. The 
bandsawer in Bato had a total of 2000 hours of bandsawing experience while the bandsawer 
in Matalom had a total of 900 hours of bandsawing experience of which 100 hours were part 
of his apprenticeship with the bandsaw owner who had been a bandsawers’ supervisor in a 
large logging firm for 15 years.  
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Figure 3. Sequence of board cutting in ‘live’ sawing employed in the sawing trials 
 
DATA COLLECTION, PROCESSING AND ANALYSIS  
 
The sawing trial used logs obtained from approximately 10 year-old gmelina (Gmelina 
arborea Roxb.) trees grown on smallholder farms in Bato and Matalom. Seventeen trees 
were felled during the Bato sawing trial and of these 10 trees were allocated for chainsawing 
and seven were allocated for bandsawing. For purposes of financial analysis, standing trees 
were measured following the ACIAR tree measurement protocol described by Monterola et 
al. (2007). From these trees in Bato, 18 logs from 10 trees were used in the chainsawing trial 
while 27 logs from the other seven trees were used for the bandsawing trial.  
 
In the Matalom sawing trial, 30 four-foot long logs were purposively picked for bandsawing 
from a pile of gmelina logs in the mill yard. For the chainsawing trial in Matalom, five trees 
were purchased to obtain 30 straight logs of 4 foot in length.  
 
The diameter over bark at the largest end (big-end-diameter, BED) of each log was 
measured using a diameter tape and the log length was measured using a metre tape. The 
bark thickness at the big end of the log was measured using a bark thickness gauge and 
recorded in centimetres. The nominal thickness, width, length and number of boards 
produced from each log were recorded. A data sheet was used to record data for the sawing 
trial and data gathered from the sawing trial was entered into an Excel spreadsheet and the 
Statistical Package for Social Sciences (SPSS). Log diameters under bark were calculated 
as the difference between the over-bark diameter and the recorded bark thickness, e.g. 
small-end-diameter under bark (SEDUB) = SED over bark – 2 x bark thickness at small-end. 
Volumes under bark of unsawn logs were calculated using the Smallian formula as .7854 x 
(squared SEDUB + squared BEDUB)/2 x log length, where all the measurements were in 
metres and volume was in cubic metres. The sawn timber volume from a log was calculated 
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as the sum of the sawn timber volume from each board produced from the log. The volume 
of sawn timber for a piece of board was calculated in board feet1 and then converted to 
cubic metres. The sawn timber recovery rate was calculated as the quotient of the total 
volume of sawn timber board (m3) obtained from a log divided by its log volume underbark 
(m3). Volume calculations were made in Excel and the raw data were exported to SPSS. 
Descriptive statistics were generated using SPPS to present the profile of logs sawn and 
sawn timber boards. 
 
Two-way analysis of variance (ANOVA) was carried out in SPSS to determine whether the 
type of saw (chainsaw or bandsaw) and operator have a significant effect on sawing 
recovery rate. In the sawing trial design, log diameter and size of board cut from a log were 
assumed to have no effect on recovery rate. In the data analysis, these assumptions were 
first validated by generating scatter diagrams and regression equations in Excel showing the 
relationship between the response variable (sawn timber recovery rate) and the 
experimental factors (saw type and operator), as well as log and board dimensions.  
 
DESCRIPTION OF LOGS SAWN AND SAWN TIMBER PRODUCED 
 
The log and sawn timber data are presented in Table 1. There were 105 logs sawn, the 
majority having an average log diameter below 30 cm, and about one third with an average 
log diameter of 17 cm. Logs are generally short, the majority only suitable to produce 4 foot 
long boards. It is apparent in Table 1 that bark thickness was positively correlated with log 
diameter. The cross sectional board areas indicate the relative sizes of boards.  
 
Table 1. Summary of logs and sawn timber data from the sawing trial 
 
Diameter class 
(diameter under 
bark, cm) 
Average log 
diameter 
under bark 
(cm) 
Average 
log lengths 
(m) 
Average bark 
thickness at 
big end (cm) 
Average cross- 
section area of 
board  
(square cm) 
Number 
of logs 
milled 
11–14.99 13 1.29 0.62 45.81 15 
15–19.99 17 1.56 0.72 54.19 37 
20–24.99 21 1.39 0.81 53.55 26 
25–29.99 27 2.05 1.02 57.42 18 
30–34.99 31 2.41 1.06 65.81   8 
35–39.99 36 1.29 1.70 64.52   1 
Weighted average 21 1.63 0.81 54.19  
 
Because the majority of logs were cut into boards with a 2 inch (about 5.8 cm) thickness, a 
conclusion can be reached about what the widest board is that can be cut from a particular 
log diameter class. For example, it is reasonable to say that boards of 3 inches (around 7.62 
cm) wide with a thickness of 2 inches (around 5.8 cm) can be cut from logs with diameter of 
11–14 cm. Similarly, boards of 8 inches wide (around 20.32 cm) by 2 inches thick can be 
obtained from logs with a diameter of 25–29.9 cm. 
 
RELATIONSHIP OF LOG DIAMETER AND CROSS SECTIONAL AREA OF 
BOARDS TO RECOVERY RATE 
 
The relationships of log diameter and cross-section area of board to recovery rate were 
examined by plotting the log diameter and cross-section area of boards against the recovery 
                                                 
1 In the Philippines, sawn timber volume is mainly measured in board-foot, where 424 board-foot is 
equal to approximately 1 m3 
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rate for each of the sample logs in a scatter graph in Excel (Figures 3 and 4). As shown in 
Figures 4 and 5, there is obviously no linear relationship that exists between log diameter 
and recovery rate, as well as for the cross sectional area of boards to recovery rate. 
Regression analyses were conducted to test the null hypothesis that log diameter and 
recovery rate and cross-section area of board have no influence on recovery rate. The 
hypotheses were tested at α=.05 with 103 degrees of freedom for a two-tailed t-test. Results 
from the regression analyses are reported in Table 2, and reveal that the null hypotheses 
cannot be rejected. In other words, the analysis failed to show that recovery rate is 
influenced by log diameter and cross sectional area of boards. 
 
Table 2. Result of regression analysis for recovery rate as dependent variable and log 
diameter and cross-section area of board as independent variables 
 
Parameter Log diameter  Cross-section area of boards  
 Intercept Slope Intercept Slope 
Regression coefficient 53.872 -38.561 48.003 -0.038 
Standard error   4.705  22.121   2.707  0.044 
t statistic     11.449   -1.743 17.733 -0.851 
p-value       0.000    0.084   0.000  0.397 
r2       0.029    0.007  
Degrees of freedom     103       103  
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Figure 4. Scatter graph of board cross-section area and sawing recovery rate for logs sawn 
in the sawing trials 
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Figure 5. Graph showing the relationship of log diameter and sawing recovery rate for logs 
sawn in the sawing trials 
 
COMPARISON OF SAWING RECOVERY RATE BY SAW TYPE AND OPERATOR 
 
For the logs sawn in the sawing trials, the recovery rate was compared by sawing equipment 
(bandsaw and chainsaw) and by equipment operators. The summary statistics of the sawn 
timber recovery rate are presented in Table 3. In this table, there is an indication that 
recovery rates by saw type and by trial site municipality are different. The recovery rates for 
the bandsaw and chainsaw for the Bato operators were 48% and 36% respectively, while for 
the Matalom operators the sawing trial yielded a recovery for bandsaw and chainsaw of 55% 
and 41%, respectively. To test the effect of two factors – saw type (Factor A) and operators 
(Factor B) – on sawn timber recovery rate, and interaction of these factors, a two-way 
analysis of variance (ANOVA) with interaction was conducted. The hypothesized population 
model is  
 
ntokbtojatoix ijkijjiijk 1,1,1,)( ===++++= εαββαμ  
 
where α and β represent treatment effects and αβ represents the interaction between them. 
 
Table 3. Summary statistics for sawing trial data by saw type and trial site municipalitya 
 
Factors Recovery rate (%) of Bato 
operator 
Recovery rate (%) of Matalom 
operator 
Row 
average 
Bandsaw 48 (0.0257) 55 (0.0171) 52 
Chainsaw 36 (0.0292) 41 (0.0144) 39 
Column mean 42 48 45 
a Figures in parentheses are standard error of the mean. 
 
In this two-way ANOVA the following questions are evaluated: 
 
1. Are the recovery rates for groups included in the model the same. i.e. is the sawing 
recovery for bandsaws the same as sawing recovery from chainsaws (null hypothesis 
for Factor A)? 
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2. Is the sawing recovery rate for Bato operators the same as that for Matalom 
operators (null hypothesis for Factor B)? 
3. Is there is interaction between the saw used (bandsaw and chainsaw) and the 
operators (Bato and Matalom operators)? 
 
These hypotheses were tested at the 5% significance level. The ANOVA was conducted 
using SPSS, and the ANOVA table is presented as Table 4. 
 
Table 4. Two-way ANOVA table for test of effect of saw type and saw operators on recovery 
rate (%) 
 
Source of variation Sum of 
squares 
Degrees of 
freedom 
Mean  
square 
      F Sig. 
Model 22.738a 4     5.685 492.97 .000 
Sawtype .471 1 .471 40.81 .000 
Operator 0.08943 1 0.08943 7.76 .006 
Sawtype * Operator 0.003296 1 0.003296 0.29 .594 
Error 1.165 101 0.01153   
Total 23.903 105    
a R squared = 0.951; adjusted R squared = 0.949 
 
The ANOVA indicates that there is a highly significant difference in the recovery rate among 
factors included in the analysis. There is a highly significant difference in the sawing 
recovery rate between chainsaw and bandsaw, basically due to the reasonably large 
difference in the average recovery rate of the two saw types. There are significant 
differences in the sawn timber recovery rate between operators, while the interaction among 
factors is non-significant. It can be concluded that both the saw type and the operator have 
an effect on the sawing recovery rate. 
 
DISCUSSION OF RESULTS AND CONCLUSION 
 
The sawing trial revealed that for sample logs with diameters ranging from 11 to 36 cm, the 
recovery rate was not affected by log diameter. This means that small logs are likely to have 
a sawing recovery rate the same as for big logs if ‘live sawing’ or ‘plain sawing’ is employed. 
The cross-section area of the board representing the size of boards cut from a cross section 
shows a weak relationship to the sawing recovery rate. This means that in the case of ‘live 
sawing’, board size has a low effect on sawing recovery rate because basically there is 
minimal cross-cutting hence less waste due to saw cuts. From these findings, it is clear that 
sawing trials can be conducted without considering log sizes and sizes of boards cut (for live 
sawing), particularly when financial resources are limited. Recovery rates for any logs and 
for any ‘live-sawn’ boards produced can be compared, particularly when financial resources 
are scarce and co-operators are limited.  
 
The main objective of this sawing trial was identifying which among the factors (saw type 
and operator) have an effect on sawing recovery. Results from a two-way analysis of 
variance suggest that both factors have a significant effect on sawing recovery rate. The 
average sawing recovery rate of bandsaw and chainsaw by operators is presented in Table 
4. The average sawing recovery for bandsawing is 52% and for chainsawing is 39%. The 
difference between recovery rates may appear to be large if viewed as sawn timber volume. 
For example, if a chainsaw and a mini-bandsaw both cut 1 m3 of logs, it is expected that the 
chainsaw will yield about 165 bft of sawn timber while the bandsaw will yield 220 bft, or a 
volume difference of 55 bft. At a market price of sawn timber of PhP18/bft, the value 
difference is PhP990. A further analysis of the financial implication of sawing recovery rate 
for a small-scale sawmilling enterprise is provided in a separate report in these Proceedings. 
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The chainsaw operators in these two trials have spent approximately the same number of 
years in chainsaw milling, but their skills in this task appear to differ. There is quite a huge 
difference in the number of bandsawing hours experience reported for the bandsaw 
operators involved in the sawing trials. The Matalom bandsawer, who has less experience in 
terms of total number of hours of bandsawing, has a higher recovery rate which may be the 
result of the 100 hours spent in apprenticeship.  
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